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Oral composition for inhibiting oral malodor. 



The present invention relates to an oraf composition which is effective 
against halitosis (oral malodor, foetor ex ore). Said composition is effective by 
eliminating or reducing the production of volatile sulfur compounds (VSCs) in the 
oral cavity. It is well established that in the majority of cases of halitosis this 
originates from the oral cavity and not from the stomach, as frequently believed 
by the public. 

Bacteria located in the crypts at the back of the tongue and in periodontal 
pockets produce VSCs, mainly hydrogen sulfide <HS) and methyl mereaptan 
(MM). The bacteria produce these by proteolytic, anaerobic metabolism, and 
they have an extremely unpleasant odor even in very low concentrations. The 
VSCs are able to penetrate epithelium and have pathogenic potentials by 
damaging cells of the underlying tissues and also affect their metabolism. It has 
been suggested that the VSCs produced by bacteria in periodontal pockets may 
well be an important factor in the development of periodontal disease. MM 
appears to have a higher pathogenic potential than HS and has also a more 
offensive odor. 

The most important substrate for HS production in the oral cavity appears 
to be cysteine. HS forms immediately upon rinsing the mouth with an aqueous 
solution of this amino acid (see example 2), Methionine is a mafor substrate for 
MM formation, although this compound is not as rapidly formed in the oral cavity 
as hydrogen sulfide. 

It is known that zinc ions red uce the VSC production in the oral cavity. 
The mechanism involved presumably involves a reaction between zinc and 
sulfur whereby non-volatile sulfides are formed and thus inhibit the 
transformation of sulfur containing substrates to VSCs. Zinc furthermore 
possesses a certain antibacterial activity and this metal ion is known to be able 
to inhibit plaque formation and reduce acid formation in dental plaque. The zinc 
salts usually used for such purposes are the chloride, the sulfate and the citrate. 
However, aqueous solutions of the two former salts have low pH and are thus 
not necessarily suited for oral use whereas solutions of zinc citrate contain 
complexes of zinc and citrate and very few free zinc ions. 



.0051568ft 1..1..> 



WO 06/51559 PCT/N09MXB46 

2 

The problem of getting zinc in a suitable form is the issue of US patent 
No. 4.289.753 and UK Patent Application No. 2.052.978. In the former the zinc 
compound used is an ammonium or alkali metal citrate. It is also stated in this 
patent that this zinc compound may be used in combination with antibacterial 
agents such as cefyl pyridinfum chloride. 

The above UK Patent Application discloses an oral composition in which 
the pH of a zinc-containing solution is adjusted to 4,5 or 8 by means of glycine. 
The zinc is generally present as zinc chloride. 

Antibacterial agents such as cationic bis-big uanides and quaternary 
ammonium compounds, have been widely used in preventive dentistry as 
inhibitors of plaque formation and of development of gingivitis. The bis-bfguantde 
chlorhexidine is frequently used for this purpose, usually as an aqueous solution 
of 0.2% of its gluconate salt, and is applied as a mouthrinse twice daily. Such 
concentration and frequency are necessary to obtain consistent clinical plaque 
inhibition. However, chlorhexidine in these concentrations has a bitter taste and 
causes dental stain. Chlorhexidine forms salts of low solubility with chloride, 
sulfate and citrate and is thus not compatible with zinc containing these anions. 

The other cationic antibacterial agents which inhibit plaque formation, for 
example cetylpyridinium chloride or benzalkonium chloride, have less clinical 
effect, but show a less pronounced tendency to cause dental stain. The cationic 
antibacterial agents mentioned above are able to inhibit VSC formation in the 
oral cavity, but relatively high concentrations are needed (see Example 1). 

it has now unexpectedly been found that anti-VSC effect of zinc Ions is 
mainly directed against hydrogen sulfide production and to a far lesser extent 
against the production of methyl mercaptan (see Example 1, Fig. 2). The VSC 
species with highest pathogenic potential and the most unpleasant odor i.e. MM, 
is thus incompletely eliminated by zinc ions. 

This selective effect on HS by zinc can presumably be explained by the 
fact that cysteine {which is major substrate for HS formation) has an exposed 
~SH group, which will react readily with zinc ions, whereas methionine (which is 
a substrate for MM formation) has no such group. When hydrogen sulfide is 
dissolved in water (or saliva) HS- and S-~ are formed (together with two 
protons), and both these sulfur containing intermediates react rapidly with zinc 
ions to form insoluble sulfides. 
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ft was furthermore unexpectedly found that when a combination of zinc 
ions and very Sow concentrations of certain cation ic antibacterial agents were 
used , the combinations inhibited both HS and MM formation. The effect of the 
combinations is synergistic (Example 1, table 1) The combinations of zinc and 
low concentrations of antibacterial agent caused a much higher inhibition of 
VSCs than any of the individual agents alone. The concentration of an 
antibacterial agent used in this way against oral mafodor was markedly lower 
than the concentrations needed to obtain plaque inhibition or reduced add 
formation in plaque (1/10 or less). 

The importance of this invention resides in the fact that it allows the use 
of very low concentrations of antibacterial agents, i.e. concentrations where their 
undesired side effects are avoided. The contribution of the antibacterial agent is 
probably mainly to inhibit MM formation, but synergistic effect with zinc against 
HS was also observed, although not to the same degree as against MM, The 
concentration of zinc can also be kept lower than when zinc is used alone, for 
the same reason. Zinc has a metallic taste which is concentration dependent. 

The use of combinations of zinc acetate and chlorhexidine is described in 
DE 30001575 A1. However, the purpose is to avoid dlscoioration of teeth by 
chlorhexidine. In US patent No. 4.522.806 an anti-plaque effect of the 
combination of chlorhexidine and zinc acetate is mentioned (page 5, first 
paragraph). The combination was found to be numerically better than 
chlorhexidine alone, but the difference was not statistically significant. 

in US patent 5.906.81 1 a combination of zinc acetate and 
benzalkoniumchSoride is mentioned as an ingredient in tooth-pastes. The main 
purpose is to avoid damage from free radical species on the oropharyngeal 
cavity of tobacco smokers, including secondary smokers. 

The present invention provides an oral composition for inhibiting oral 
malodor, comprising an antibacterial agent and a zinc compound. The 
composition is In the form of a mouthwash containing 0.005 - 0.05% w/v of an 
antibacterial agent selected from bls-biguanldes and quaternary ammonium 
compounds, and 0.05 - 0.5 % w/v zinc acetate. 

When zinc acetate is used together with an antibacterial agent selected 
from the bis-biguantdes or quaternary ammonium compounds, the effect 
appears to be synergistic, as mentioned above. This means that by using such a 
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combination, the amount of both (i.e. zinc acetate and anti-bacterial agent) may 
be kept very low. By using such low amounts the bitterness of the taste and the 
tendency to cause dental stain will both be avoided. 

A major benefit of this Invention is that ft allows the use of much lower 
concentrations of antibacterials in compositions specially designed to inhibit oral 
matador, than in ordinary products intended for anti-plaque and anti-gingivitis 
purposes. 

The low concentrations of the antibacterial agent is favorable both from 
an economical and toxlcologicai point of view. The presence of zinc in itself 
reduces the tendency to cause dental stain, because zinc sulfide is white or 
gray, whereas the other metal sulfides which form on teeth are black, brown or 
yellow. 

As mentioned above it is a great advantage that the concentrations of the 
two ingredients, in particular the concentration of the antibacterial agent, can be 
kept very low. This Is particularly easy to control in a mouthrinse where the 
concentrations of said active ingredients can be readily adjusted to the desired 
value. According to a particularly preferred embodiment the oral composition of 
the invention is in the form of a mouthrinse containing from 0.01% to 0.025% w/v 
of the antibacterials and 0.1% to 0.3% w/v of zinc acetate. 

As mentioned above, a preferred antibacterial agent is chlorhexidine or a 
salt thereof, in particular the acetate or the gluconate salts. Preferred quaternary 
ammonium compounds are cetyi pyridinium chloride or benzalkonium chloride. 

According to another embodiment of the invention a composition 
comprising an antibacterial agent selected from the bis-biguanides and the 
quaternary ammonium compounds, and zinc acetate, is used for the preparation 
of an oral composition in particular in a mouthrinse, for inhibiting oral malodor. 

In a further embodiment of the invention a composition containing an 
antibacterial agent selected from bis-biguanides an quaternary ammonium 
compounds, and zinc acetate, is used for the treatment of oral malodor. In the 
use indicated above, the amounts of the components should be as described 
above in connection with the oral composition. 
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Example 1 

In vitro experiments were performed to test the VSC-inhibstfng potential of 
different combinations of zinc acetate and cationic antibacterial agents. 

To a 1 m! sample of freshly collected human saliva m a test tube was 
added 10 microliter of the solutions (mouth rinses} described below. The test 
tubes were closed with a stopper and incubated overnight at 37*C. A control 
tube which contained only saliva served as a control ft is wefi known that large 
amounts of VSCs are formed in a test tube during the Setter conditions, the 
bacteria breaking down the salivary proteins and forming VSCs from cysteine 
and methionine. The VSCs in the gas phase above the Incubated saliva, were 
measured by gas chromatography m a Shimadzu 148 instrument and hydrogen 
sulfide, methyl mercaptan and dimethyl sulfide were used as standard. 

The solutions to be tested were; 0,3% zinc acetate, 0.025% 
chiorhexidine, 0.025% cetyfpyridinium chloride and 0,025% benzalkonium 
chlorides. Subsequently the zinc acetate was combined with each of the 
individual antibacterial agents. AH the experiments described in this paragraph 
were performed on the same day under identical conditions. The concentrations 
chosen were based on experience from pilot experiments with different 
concentrations of the zinc and antibacterial agents. The resuits can be seen 
from the chromatograms in figures 1-8, and from table 1 below. 

The experiments showed that the control contained very high amounts of 
both hydrogen sulfide (HS) and methyl mercaptan (MM), whereas the samples 
which contained zinc had low amounts of both HS and MM, ft was, however, 
found that the zinc acetate reduced the amount of HS much more than the 
amount of MM. This effect was seen In many experiments with saliva from 
different subjects. 

Addition of chforhextdine had a dear effect on both HS and MM m the 
same order of magnitude as zinc acetate. The other antrbacterials were 
effective, but much less so than chSorhexidine or zinc. However, when 
combinations of zinc acetate and the different antibacterials were tested, a clear 
further reduction in VSCs was observed, both for HS and MM, It can be seen 
that chlorhexidme was not better than the other antibacteriafs in these 
experiments. 
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An examination was conducted to investigate whether the effect of the 
combinations of zinc acetate and the individual antibaetenai agents represented 
a synergistic effect. This was performed according to the method of 
Behrenbaum (JJnf, Dis. 137:122-130, 1978), The fractional inhibitory 
s concentrations (the FIC index) was calculated based on the amounts (AUG) of 
hydrogen sulfide and methyl mercaptan formed under different conditions. A low 
AUC thus indicates presence of a strong inhibitor. The FfC index was calculated 
from the following formula: (A+B)/A + (A+B)/B, where A+8 represents the 
combinations of zinc and antibacterial agent, whereas A and B atone represent 

a} the individual agents. 

if the FfC index is below 1 <<1) a synergistic effect is established. If the 
index is like 1<~1) an additional effect between A and B is seen, whereas an 
index above 1 (>1) indicates an antagonistic effect. The FIC index of the 
different combinations is seen in Table 1. All the different combinations had 

is synergistic effect against both HS and MM, but the effect was far stronger 

against MM, presumably because zinc acetate had a weaker effect against MM 
{table 1). 

Table 1 

20 

The table contains the AUC values (amounts of VSCs) from fig. 1-8 and the FJC 
index* for the combinations of 2inc and the individual antibacterial agents. 
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AUG - area under curve 
Ac - acetate 

CHX - chiorhexidine acetate 

Benzalk. - benzalkonium chloride 

CPC; cethyipyridinium chloride 

*A FIC index beiow 1 (<1) indicates a synergistic effect 

HS - hydrogen sulfide 

MM - methylmercaptane 

Exampie 2 

tt has been shown that aqueous mouthrinses with 6 mM cysteine give an 
immediate, steep rise in VSC formation in the oral cavity. The effect can be used 
as a test system by observing the effect of a cysteine rinse when a prerinse with 
an inhibitor of oral VSC formation is performed (for instance with zinc solutions). 
This system is described in US patent No. 5.833.955 of Weinberg et a!, (1998). 
By subsequent cysteine rinses each hour after for instance a zinc solution, it can 
be shown how long the inhibitor is effective. In the following it was shown that 
with 0.3% of zinc acetate and 0,025% of each of the antibacterial agents 
chiorhexidine and cetylpyridinium chloride was effective for more than 5 hours. 
The experimental design described is presumably severe, and its seems likely 
that under "normal" conditions where no cysteine is introduced in the mouth, the 
duration of the effect would be expected to last considerably longer than the 
present results indicate, A limitation of the model is that only hydrogen sulfide is 
formed by the test subjects upon cysteine rinses. This is clearly shown when the 
mouth air is analyzed by gas chromatography, as in the present study. If the 
frequently used Halimeter is employed for measurement, this limitation is not 
obvious because the Halimeter operates by chemical sensors which cannot 
differentiate between hydrogen sulfide and methyl mercaptan. The present 
experiments thus show the inhibiting effect of the inhibitors on hydrogen sulfide 
only. However, in combination with the experiments in Exampie 1 (which 
examined the effect of the combinations on methyl mercaptan as well) the 
present experiments are judged to provide valid data. 
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In the present experiments the test subject rinsed with 5 ml of a 6 mM 
cysteine solution and the VSC in the mouth air was examined after the mouth 
had been kept dosed for 90 sec. The subject then rinsed with a VSC inhibitor 
(I.e. combinations of zinc acetate and the respective antibacterial agents). After 
one hour the subject again rinsed with cysteine. Any reduction in VSC (i.e. 
hydrogen sulfide) from the original values was assumed to be caused by the 
inhibitor. Cysteine rinses were performed each hour for 5 hours to establish the 
duration of the Inhibiting effect. The results of these tests are shown in the 
chromatograms in figures 9 and 10. Fig. 9 shows the normal hydrogen sulfide 
production by the test subject in the morning after a rinse with cysteine, which is 
10 mill AUG. After a rinse with the combination of 0.3% zinc acetate and 0.025% 
of chlorhexidine acetate and a further rinse with cysteine one hour later the HS 
value was only 32 000 (fig. 9a), after a further hour it was 500 000 (fig. 9b), then 
270 000 (fig. 9c), 1.7 mill (fig. 9d) and 1 7 mill (fig. 9e). The combination thus 
reduced the hydrogen sulfide production in the mouth by cysteine with more 
than 80% five hours after a single rinse with the combination described above. 

In a similar experiment with the combination of 0.3% zinc acetate and 
0.025% cetylpyridinium chloride was tested. The normal value after the cysteine 
rinse was 1 1 mill AUC of hydrogen sulfide (fig, 10). After a rinse with the 
combination and a cysteine rinse one hour later the HS value was as low as 
22 000 (fig. 10a). After two hours it was 67 000 (fig. 10b), after three hours 315 
000 (fig. 10c), four hours 275 000 (fig. 10d) and five hours 47 000 (fig. IQe). 

It can be concluded that the combinations of zinc acetate and the two 
tested antibacieriais had a very strong and long lasting effect, and that 
chlorhexidine was not better than cetylpyridinium chloride in combination with 
zinc. It is probably safe to conclude that a mouthrinse of this type would inhibit 
oral malodor for eight hours or more under normal conditions. 

if was furthermore evident from additional experiments with the individual 
agents in the present experimental model, that the anti-VSC effect of the 
individual antibacterial agents was markedly inferior to the effect of the 
combinations. Synergistic effects of combinations of zinc acetate and the 
antibacterial agents were thus demonstrated also in the vivo model, which 
included hydrogen sulfide only (results not shown). 
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CLAIMS 
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1 . Oral composition for inhibiting oral maSodor, containing an antibacterial 
agent and a zinc compound, in the form of a mouthwash containing 0.005- 
0.05% w/v of an antibacterial agent selected from bEs-guanides and quaternary 
ammonium compounds, and 0.05-0.5% w/v of zinc acetate. 

2. The oral composition of claim 1 , wherein the mouthwash contains 0.01- 
0.025% w/v of an antibacterial agent and 0.1-0.3% w/V of zinc acetate. 

3. The oral composition of any of claims 1 and 2, wherein the antibacterial 
agent is chlorhexidine or a salt thereof. 

4. The oral composition of any of claims 1 and 2 wherein the antibacterial 
agent ts a quaternary ammonium compound selected from cety! pyridinium 
chloride and benzaikonium chloride. 
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Sample ID: control 

Acquired: Nov 20, 1998, 13:58:24 




Results: 

Peak Area 

H 2 S ~ 28302550 

CH 3 SH 41918978 
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Sample ID: saliva + 03% Zn acetate 
Acquired: Nov 20, 1 998, 14: 12:06 




Results: 

Peak Area 



H 2 S 150256 
CH 3 SH 4028796 



Fig.2 
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Sample ID: saliva + 0,025% CHX 
Acquired; Nov 20, 1 998, 14:2 1 :00 




Results: 

Peak Area 

H 2 S ~~~ 443348 

CH 3 SH 355001 
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Sample ID: saliva + 0,025% CPC 
Acquired: Nov 20, 1998, 14:39:18 
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Fig.4 
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Sample ID: saliva + 0,025% Banzlakomm CI 
Acquired: Nov 20, 1998, 14:29:40 
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Sample ID: saliva + 0,3% Zn-ac7 0,025% CHX 
Acquired: Nov 20, 1998, 15:02:53 




Results: 

Peak Area 

H 2 S ~ ~ ~ 82516 

CH 3 SH 34430 



Fig.6 
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Sample ID: saliva + 0,3% Zn-ac./ 0,025% Benzalkonium CI 
Acquired: Nov 20, 1998, 15:12:31 
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Fig.7 
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Sample ID; saliva + 0,3% Zn~ac./ 0,025% CPC 
Acquired: Nov 20, 1998, 1 5: 17: 18 
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CH 3 SH 12245 



Fig.8 
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Sample ID: cysteine 

Acquired: Jan J 8, 1999, 09:59:59 
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Sample ID: cysteine Ih. after CHX / Zn 
Acquired: Jan 18,1 999, 1 1 :05:56 




Results- 
Peals; Area 



H 2 S 32230 



Fig.9a 
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Sample ID: cysteine 2h. after CHX / Zn 
Acquired: Jan 18, 1999, 12:00:28 
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Peak Area 

H 2 S " 500089 



Fig.9b 



SUBSTITUTE SHEET {RULE 26} 



WOO0/S15S9 



PCT/N09M)CB4<5 



12/20 

Sample ID: cysteine 3h. after CHX / Zn 
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Sample ID: cysteine 4h. after CHX / Zn 
Acquired: Jan 18, 1999, 14:05:12 
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